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Abstract
Purpose: The aim of this phantom study was to evaluate the influence of patient alignment on
the image quality by a C-arm flat-panel detector computer tomography (CACT).
Materials and Methods: An ACR phantom (American College of Radiology CT ac-
creditation phantom, Model 464, Gammex-RMI, Middleton, Wisconsin) placed in two
opposite directions along the z-Axis was imaged using a CACT (Artis ZeeQ; Siemens
Healthcare, Forchheim, Germany). Image acquisition was performed by three different image
acquisition protocols using fixed X-ray tube voltages of 81, 102 and 125 kVp. The images
were reconstructed with four different convolution kernels, i.e. normal, sharp, soft and very
soft. Image quality was assessed in terms of high contrast image quality using the modulation
transfer function (MTF) and low contrast image quality by assessing the signal-to-noise ratio
(SNR) and contrast-to-noise ratios (CNR) as well as reliability of density measurements.
Furthermore, the dose intensity profiles parallel and perpendicular to the patient support were
measured free-in-air.
Results: The intensity profile of the CACT measured by the detector system free-in-air
showed that the anode heel effect is not in the longitudinal direction to the z-axis. The image
noises measured in Setup A for the air and bone inserts were systematically higher compared
to those measured in Setup B, in average about 3% and 4% for the air and bone inserts,
respectively. An opposite behavior has been observed for the polyethylene, water-equivalent
and acrylic inserts. The corresponding image noises were in average about 4%, 6% and
2% lower measured in Setup A compared to those measured in Setup B. SNR for all inserts
behaves inversely to the image noise.
Conclusion: The patient alignment has a minor influence on the image quality of CACT. This
effect is not based on the X-ray anode heel effect. It is caused mainly. This effect is caused
mainly by the non-symmetrical rotation of the CACT.
Key Words: C-arm flat-panel detector computer tomography; Flat-panel detector; Pa-
tient alignment; Image quality; Heel effect, Dose intensity profile
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1 Introduction
C-arm flat-panel detector computer tomography (CACT) al-
lows acquisition and reconstruction of CT-like images in
a flat-panel angiography system providing cross-sectional
information during an interventional procedure. In addi-
tion to the additional diagnostic value, CACT images can
be fused with real-time fluoroscopy, thus considerably ex-
panding the diagnostic and therapeutic options of an angio-
graphic system [1]. Thereby, the use of CACT has been in-
creased in many radiologic and neuroradiologic institutions
[2-6]. Although the low-contrast performance of CACT is
lower in comparison to standard diagnostic multi-detector
CT (MDCT), the measurements at the same radiation ex-
posure show an improvement of the spatial resolution of
CACT compared to MDCT [7-9], there is an increasing de-
mand to high quality low-contrast CACT images. Further-
more, it has been shown that quantitative measurements at
the same region are sufficient reliable [10]. Due to the con-
ical beam geometry used in CACT as well as in cone-beam
CT (CBCT) with wide aperture angles, it is to be expected
that the homogeneity of the radiation field and thus the im-
age quality of the CACT and CBCT is significantly influ-
enced by the heel effect of the X-ray tube anode. Especially
CACT with lower X-ray tube power and lower filtration and
the absence of bowtie-filters is prone to X-ray-beam inho-
mogeneities. If the angular distribution of an X-ray tube
spectrum or the heel effect is along to the patient support in
a CACT, the image quality might be affected by the patient
alignment, and could have an impact on the reliability of
quantitative measurements. Previous investigations demon-
strated the artifacts, for example, intensity inhomogeneities
or errors induced in quantitative densitometry, caused by
the heel effect and its influence on the image quality in
CBCT [3,11-13].
To the best of our knowledge, the impact of the patient
alignment on the image quality provided by a CACT has
never been studied. Therefore, the aim of this study was to
investigate the impact of patient alignment on physical pa-
rameters related to the image quality. For this purpose, an
ACR phantom was imaged using a CACT in two opposite
directions along the patient support (z-axis) with different
image acquisition protocols.
2 Materials and Methods
2.1 Phantom
The ACR phantom used in this study consists of a water-
equivalent material and contains four modules. Each mod-
ule has a diameter of 20 cm with a length of 4 cm. A sketch
and an AP projection of an ACR phantom are shown in Fig-
ure 1 (a) and (b). The modules are designed to determine
image quality parameters, such as CT number, low- and
high-contrast resolution. Since the influence of the patient
alignment can reach its maximal change at the end of the
phantom, the first and the last modules of the phantom only
were utilized in this work. These modules are described as
follows:
Using the first module, module 1, the spatial resolution or
high-contrast can be determined. This module has eight alu-
minum bar resolution patterns, i.e. 4, 5, 6, 7, 8, 9, 10 and
12 lp/cm, which are illustrated in Figure 1 (c). The depth
of the patterns is 3.8 cm along the z-axis.The CT numbers
of different materials can be determined using the module
4, which contains five cylinders of materials with differ-
ent densities. The materials and their densities are as fol-
lows: air (0 g/cm3), bone (1.95 g/cm3), polyethylene (0.94
g/cm3), water-equivalent cylinder (1 g/cm3) and acrylic (1.18
g/cm3). Each cylinder has a diameter of 25mm and a length
of 4 cm, except for the water-equivalent cylinder with a di-
ameter of 50mm. Figure 1 (d) shows a CT-image of the
module 4.
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Figure 1: (a) Sketch of an ACR phantom [14-16]. (b) ACR
phantom imaged by the CACT. The solid (blue) arrow indi-
cates the range of selected images for noise determination
along the z-axis (see section Results). (c) Module 1. The
numbers in square present the count of line pairs per cm
(lp/cm). (d) Module 4. The numbers indicate different ma-
terials: ➀Air,➁Bone,➂ Polyethylene,➃Water-equivalent
material, ➄ Acrylic. The black, dashed ring indicates the
water-equivalent cylinder.
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2.2 Image acquisition
All measurements were repeated in two opposite positions
of the phantom on the patient support. For Setup A the
phantom was placed with the high contrast segment (mod-
ule 1) feet first. CACT of the phantom was acquired using
a monoplane, ceilingmounted, angiographic system (Artis
Zee Q; Siemens, Forchheim, Germany) using a CACT pre-
set (6S DynaCTBody, Dyna CT; Siemens, Forchheim, Ger-
many) with a 6s rotation run from 100 to 100 without ad-
ditional filtering. Along this 200◦ rotation, 397 projections
with a constant detector dose were acquired.
The CACT was equipped with a 30×40 cm flat-panel de-
tector system [17,18]. The source-to-detector distance was
119.8 cm. The measurements were performed using three
different image acquisition protocols with X-ray tube volt-
ages of 81, 102 and 125 kV using the large focal spot (0.7
mm).
Table 2 presents the image acquisition protocols (IAPs) of
the measurements.
Table 1: IAPs of the measurements.
X-ray tube Setup X-ray tube Dose Area Product
voltage (kVp) current (mA) (µGy·m2)
81 A 253 1879.6
81 B 255 1892.0
102 A 91 1226.6
102 B 92 1232.7
125 A 39 1039.5
125 B 39 1045.1
The images were reconstructed with four different convolu-
tion kernels, normal, hard, soft and very soft. Afterwards
the images were exported and analyzed using plug-ins and
macros for the software program ImageJ (open-source im-
age analysis software, version 1.50 d; www.imagej.nih.
gov/ij/). The 2-D intensity profile of the X-ray tube was
measured using 55 kVp irradiating the detector free-in-air.
1-D profiles were calculated by averaging the 2-D profile
along two axes parallel and perpendicular to the patient sup-
port. 1-D profile can be utilized to calculate the anode angle
α of the X-ray tube. Thereby, the analytical model for heel
effect described by Dixon et al. [19,20] was used. The heel
effect function ρ(x) can be approximated as
ρ(x) ≈ 1− µ¯ · d0 ·
x
h tanα
(
1 +
x
h tanα
)
, (1)
where µ¯ is the weighted average of attenuation coefficients
(µ) over the X-ray spectrum, h is the focal spot to fluores-
cent foil distance.
µ¯ · d0 represents anode attenuation along the central ray of
the X-ray beam. µ¯ · d0 dependents on the X-ray energy and
is empirically determined. For an anode angle of 7◦ and an
X-ray tube voltage of 120 kVp is µ¯ · d0 = 0.28.
2.3 Image Quality Assessment
The high-contrast or spatial resolution of imaging systems
was measured in terms of MTF by the use of the bar pat-
terns in the module 1 of the phantom. Droege and Morin
[21] devised a practical method for the MTF determination.
This method was based on the standard deviation measure-
ments of the pixel values within an image of bar patterns.
The method introduced by Droege and Morin was used for
the MTF assessment in this work. Therefore, 10×10cm2
square-shape region of interest (ROI) within bar patterns
and the background were placed. For the MTF calculation
an image set including 50 images were utilized. Using the
CT numbers in the ROIs and their standard deviations,MTF
for each spatial frequency (lp/cm) were calculated.
For low contrast resolution the signal-to-noise (SNR) and
contrast-to-noise (CNR) ratio was assessed. SNR is defined
as the ratio between the mean CT number and its standard
deviation, i.e.
SNR =
| CT# |
σ
. (2)
CNR is defined as
CNR =
| CT#insert − CT#bg |
σbg
, (3)
where CT#insert is the mean CT number within a ROI.
CT#bg and σbg denote the CT numbers of the background
and the corresponding standard derivation in a ROI with the
same area.
In order to calculate SNR and CNR, the inserts installed
in the last module (module 4) of the ACR phantom were
used. CT numbers using ROIs with an area of about 250
mm2 were calculated. The corresponding standard deriva-
tions were calculated in ROIs with the same area placed at
the middle of the module 4. Thereby, mean averages by the
use of 25 images were calculated. The used images were
reconstructed with normal kernel.
The image noise parallel to the patient support (z-axis) was
determined using ROIs with an area of about 300 mm2 at
the center of images along the ACR phantom. Thereby, the
noise profile by selection of 250 slices for different X-ray
tube peak voltages was calculated in the central part of the
phantom. To avoid the impact of cone-beam artefacts on the
results, images at the border regions of the phantom were
deselected (see Figure 1, top right). Furthermore, by the use
of the uniform module (module 2) the image noise perpen-
dicular to the patient support (x-axis) was also calculated.
Thereby, mean averages using 25 images were calculate.
3 Results
Figure 2 shows the intensity profiles of the CACT. On the
top of this figure the 2-D profile is depicted, while the mid-
dle and bottom plots present the profiles along (z-axis) and
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perpendicular (x-axis) to the patient support, respectively.
The intensity profile on the zaxis shows an intensity vari-
ation about 4%. The slope of the 1-D profile along the
xaxis caused by the heel effect delivers an anode angle of
α = (8.84 ± 0.02) degrees. MTF values determined for
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Figure 2: 2-D intensity profile of the detector (top). 1-D
profile along the patient support (bottom, left) and perpen-
dicular to the patient support (bottom, right). The profile
along the x-axis indicates that the heel effect is perpendicu-
lar to the patient support. Using Equation (1) and 1-D pro-
file along the x-axis, an anode angle of α = (8.84 ± 0.02)
degrees was determined. We presume that the kink in the
profile along the z-axis is caused by the use of a grid be-
tween the X-ray tube anode and the patient support.
both setups are shown in Figure 3. Furthermore, using the
Gaussian fit parameters the 50%, 10% and 2% MTF for all
reconstruction kernels were calculated, which are shown in
Figure 4.
The related CT numbers of inserts with different densities
for all X-ray tube voltages measured by setup A and B
were calculated. As expected, the measured CT numbers
behaved linearly relative to material density. Due to the
beam-hardening effect of the photon fluence spectra, the CT
numbers are decreasing with X-ray tube voltage and mate-
rial density. Based on this effect, the largest difference of
the CT numbers at the Xray tube voltages of 81, 102 and
125 kVp for bone insert was observed. For quantifying
the effect of the phantom alignment on the CT numbers, the
CT numbers of the inserts in both setups were determined
and presented in Table 3. A considerable difference of the
CT numbers measured by Setup A and Setup B was not be
observed. The image noises within the same ROIs for all
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Figure 3: MTF calculated for different convolution kernels
for an X-ray tube voltage of 102 kV. (a) Measured for setup
A (b) for setup B.
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Figure 4: 50%, 10% and 2% MTF for all reconstruction
kernels for an X-ray tube voltage of 102 kV. The values are
given in unit of line pair per cm (lp/cm).
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Table 2: CT numbers of different materials measured by setup A (a), setup B (b).
80 kV 102 kV 125 kV
Setup A Setup B Setup A Setup B Setup A Setup B
Air (−870± 4) (−880± 4) (−882± 5) (−893± 5) (−900± 5) (−914± 5)
Polyethylene (−110± 4) (−109± 4) (−134± 5) (−127± 5) (−192± 5) (−181± 5)
Water-equivalent (10± 5) (4± 5) (−37± 5) (−32± 5) (−112± 5) (−99± 6)
Acrylic (88± 6) (85± 5) (57± 6) (58± 6) (−12± 6) (−5± 6)
Bone (1127± 7) (1163 ± 6) (930± 7) (948± 6) (724± 7) (743± 6)
material are presented in Figure 5. The image noises mea-
sured in Setup A for the air and bone inserts were system-
atically higher compared to those measured in Setup B, in
average about 3% and 4% for the air and bone inserts, re-
spectively. An opposite behavior has been observed for the
polyethylene, water-equivalent and acrylic inserts. The cor-
responding image noises were in average about 4%, 6% and
2% lower measured in Setup A compared to those measured
in Setup B. Figure 6 shows the SNR values. As expected,
SNR for all inserts behaves inversely to the image noise.
This can be explained by use of Equation (2) and an almost
constant CT-numbers of the inserts measured in setups A
and B, which already presented in Table 3. In Figure 7 are
the CNR values for five inserts shown. Except to the water-
equivalent insert, the CNR values for all inserts calculated
in Setup A are in average higher about 4% than those calcu-
lated in Setup B. CNR for water-equivalent insert is small
with corresponding large uncertainties. It should be men-
tioned that the values in Figures 5,6 and 7 are normalized
to the maximum of each histogram. The noise profiles
parallel and perpendicular to the patient supports for both
setups are presented in Figure 8. The staircase-shaped be-
havior of the noise plot measured along the z-axis is because
of the different attenuation properties of the phantom mod-
ules. The radiation intensity through the uniform module
has been less attenuated than through other modules, which
is reflected in the gap of the noise diagram, Figure 8 (left).
The image noise increasing at the middle of images along
the x-axis is based on the cupping effect.
4 Discussion
The presented investigation demonstrated a negligible im-
pact of patient alignment on the image quality of CACT.
In addition, absolute density measurements with the CACT
are still not feasible, so a conventional CT cannot be com-
pletely replaced by a CACT.
The 2D-profile measurement showed that the change of the
image quality parameters, such as MTF, SNR and CNR,
along the patient support (z-axis) was not based on the heel
effect of the X-ray tube anode. The intensity profile of the
CACT measured by the detector system free-in-air showed
an intensity gradient perpendicular to the patient support (x-
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Figure 5: Normalized Noise calculated in five inserts.
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Figure 6: Normalized SNR calculated in five inserts.
axis). This finding indicates that the anode heel effect is not
in the longitudinal direction to the z-axis.
Due to small varying of the radiation dose, given by dose
area product, ranging from 0.5% to 0.7% for all X-ray tube
voltage, the difference of the image quality parameters, such
as image noise, SNR and CNR, measured by both setups
cannot be attributed to the radiation dose.
Thereby, the observed differences of image quality, depen-
dent on the phantom alignment are mainly caused by the
incomplete rotation of the CACT around the z-axis. This
incomplete rotation leads to an inhomogeneous irradiation
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Figure 7: Normalized CNR calculated in five inserts.
of the object as compared to a conventional CT. This inho-
mogeneous dose distribution in the object/phantom results
in an asymmetrical beam hardening and scattering [10,22-
24] which leads to the orientation dependent image quality,
observed in this study. This assertion was clearly noted by
the measured image noises for the bone (+4%) and acrylic
(-2%) inserts as the noise values showed a reversed varia-
tion by the setup A and B. The same but inverse effect could
be observed by the air (+3%) and polyethylene (6%) inserts.
Furthermore, the image noise increase at the middle along
the x-axis is attributed to the cupping effect [25-27]. We
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Figure 8: Noise profile along the z-axis (left) and x-axis (right). The noise determination was performed by the setup A
(top) and setup B (bottom). The red, blue and green lines indicate the noise values for the X-ray tube peak voltages of
81, 102 and 125 kV, respectively. The image noise increasing at the middle of images along the x-axis is based on the
cupping effect.
assert that the difference of the image quality parameters
is also based on the local dose that reaches the end of the
phantom by both directions. Since the dose measurement
by the use of the ACR phantom was not possible, we fo-
cused our analysis on the noise determination along the z-
axis, which reflects the local radiation dose. Both the inten-
sity and noise profile along the z-axis validated the different
dose along the patient support. The noise profile along the
z-axis shows a reverse trend for both setups.
Up to now, in previous studies the low- and high-contrast
performance of CACT comparing toMDCTs has been shown,
however, there is no study, in our knowledge, demonstrat-
ing a relationship between patient alignment and the image
quality in a CACT.
Bai et al. [7] assessed the image quality of a CACT (Ax-
iom Artis dTA; Siemens Healthcare, Forchheim, Germany)
to that of two MDCTs (Lightspeed VCT; GE, Milwaukee,
USA and Sensation Cardiac 64; Siemens Healthcare, Erlan-
gen, Germany). Thereby, a male Anderson Radiation Ther-
apy 200 phantom was used and the radiation dose with em-
bedded thermoluminescence dosimeters (TLDs) was mea-
sured. The result indicated that the CACT applied fewer
doses to the phantom by similar spatial resolution and low
contrast detectability to both MSCTs. In other phantom and
cadaveric study, Werncke et al. [9] compared the effective
radiation dose and image quality between a CACT (Artis
Zee Q; Siemens, Forchheim, Germany) with a standard 16-
slice MDCT (GE Lightspeed 16; GE Healthcare, Wauke-
sha, Wisconsin). The radiation dose was determined using
100 TLDs placed in an anthropomorphic whole body phan-
tom (adult male phantom with arms, model 701 and model
701-10, CIRSinc, Norfolk, USA). The result of this work
also showed an improvement of the spatial resolution by the
CACT in comparison to that of the MDCT at the same radi-
ation dose. However, the low-contrast resolution, in terms
of SNR, showed to be superior to MSCT.
Our study has a number of limitations: First, we used a
cylinder-shaped phantom with a radius of 20 cm which is
only an approximation for a patient body. Second, for ob-
taining the 2-D and subsequently 1-D intensity profiles and
subsequently the calculation of the anode angel, we irradi-
ated the detector system, which has an energy dependency.
Using another X-ray tube voltage, the anode angle would be
differing from 8.8 degrees. However, the main limitation is
that the angular radiation dose distribution was missing. In
order to obtain this information, a dose measurement using
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TLDs placed on the surface of the phantom had to be per-
formed. This is time consuming and would in our opinion
not alter the obtained results.
In conclusion, the patient alignment has a minor influence
on the image quality in a CACT. This effect is causedmainly
by the non-symmetrical rotation of the CACT.
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